. The chlorides were prepared by the reaction of (M e2S)AuCl with equimolar amounts (or with an excess) of the corresponding isonitrile. The bromides, iodides and thiocyanates were obtained from the reaction of (RNC)AuCl with K+X -(X = Br, I, SCN) in the two-phase system H2O/CH2CI2. The molecular and crystal structures of la. 2b. 3a-c, 4a, and 5a-c have been determined by X-ray diffraction methods. In the solid state the molecules are aggregated through short A u-A u contacts into dimers (4a and 5c), chains (la , 2b and 3a-c) or sheets (5a and 5b). The influence of the isonitrile and halide ligands on the type and strength of the intermolecular A u-A u contacts is discussed.
, and (iso n itrile)g o ld (I) alkynyls and h alid es w ere show n to form a new type o f liq u id cry sta llin e p h ases [4 -9] . T h e ab ility o f (iso n itrile)g o ld (I) h alid es to give rise to liq u id cry stallin e p hases is th o u g h t to arise fro m the p resence o f w eak g o ld -g o ld in te ractio n s in th ese system s [9] , w hich can be co m p ared in strength to h y d rogen bonds [10 -12] . P rio r to th ese new areas o f ap p licatio n , (iso n itrile)g o ld (I) c o m plexes w ere used as im p o rtan t startin g m a teria ls fo r carb en e co m p lex es [ 13 -25] and related c o m p o u n d s [26 -34] , T he structural data available fo r g o ld (I) c o m plexes show that g o ld -g o ld in te ractio n s are u b i q u ito u s in the solid phases o f these co m p o u n d s, and that they m ay even govern the su p ram o lec u lar stru ctu re o f the m aterials [35 -41 ] . C lassical th eo ry o f chem ical bon d in g does not offer an ex p lan a tio n for th is type o f g o ld -g o ld interactions, and it w as * Reprint requests to Prof. Dr. H. Schmidbaur. o n ly rec en tly th a t ad v an ced stu d ies inclu d in g relativ istic and co rrela tio n effects w ere able to account fo r th e " au rio p h ilic ity " p h en o m en o n [42 -47] .
G o ld (I) co m p lex e s o f the ty p e L -A u -X (L = n e u tral d o n o r lig an d , X = h alid e o r p seu d o h alid e) can be ag g reg ated in to d im ers, o lig o m ers or polym ers.
T h e d eg ree o f o lig o m e riz a tio n is clearly d eterm in ed by a n u m b e r o f facto rs, am o n g w h ich the steric e f fect o f the lig a n d s is the m o st obvious. In o rd er to learn m o re ab o u t o th e r co n trib u tio n s to a u rio p h ilicity , a stu d y o f th e stru ctu ral ch em istry o f c o m p le x es w ith " s lim " lig an d s w as und ertak en , w hich w as th o u g h t to p ro v id e a b e tte r in sig h t into the role o f th e natu re o f X and L. To d ate, only few (isonitrile )g o ld (I) c o m p lex e s have b een stru ctu rally ch a r ac te riz ed [48 -54] . T h e sm all m ethyl group (1), th e b ulky r-butyl g ro u p (2), th e flat phenyl (3) and m esity l g ro u p s (4), w ere ch o sen in this w ork as su b stitu en ts fo r th e n eu tral iso n itrile ligands and C l-(a), B r " (b ), I -(c) and S C N -(d) as the anions X " . T h e ca rb o x y m e th y le ste r d erivatives (5) serve as m o d els fo r fu n ctio n al iso n itriles.
R e su lts
T h e (iso n itrile)g o ld (I) ch lo rid es l a , 3a, 4a and 5a w ere o b ta in ed in h ig h y ield (> 75% ) fo llow ing the 0939-5075/96/0600-0790 $ 06.00 © 1996 Verlag der Zeitschrift für Naturforschung. All rights reserved. k Table I . Crystallographic data for (MeNC)AuCl (la). (r-BuNC)AuBr (2b) and (PhNC)AuCl (3a).
Compound
Empirical formula Formula weight Crystal system Space group (No.) 0-0
51-no
0.0290 0 0288 /= 1.0000 / * = 0.000117 + 1 .2 6 /-0 .8 7
general synthetic route illustrated in eq. (1).
The (isonitrile)gold(I) brom ides 2b, 3b and 5b, iodides lc, 3c and 5c, and thiocyanates 3d and 5d This m ethod was first reported by Swan and coworkers, but had only been applied to (phosphane)gold(I) com plexes [55, 56] . The products were isolated as colourless crystals from dichlorom ethane solutions by careful addition of pentane. The com pounds are light-and airstable and can be stored at room tem perature. Only the iodides and thiocyanates undergo slow decom po sition after a period o f several m onths, as indi cated by the change in their colour. The solubil ity in dichlorom ethane increases in the sequence RN CA uCl < R N C A uB r ~ R N CA uSCN < RN-C AuI, follow ing the increasing covalent character o f the A u-X bond. The com pounds were identi fied by standard spectroscopic m ethods and elem en tal analysis. In the IR spectra, the CN stretching frequencies of the isocyanide ligands were m oni tored as listed together with the NM R data in the (MeNC)AuCl, la, has been characterized previ ously, but the molecular and crystal structure had not been determined. Crystals of la are monoclinic, space group P2j, with 2 molecules in the unit cell. The individual molecule is rod-like with no crystallographically imposed symmetry. The Cl-Au-C angle is close to 180° [178.8 (5) Table I . An examination of the cell packing shows zig zag chains of molecules with the monomeric units arranged in an antiparallel fash ion (Fig. lb) . The A u-A u contacts are surprisingly long [3.637(1) A], probably due to the close an tiparallel packing in layers, which forces the metal atoms into alternating position above and below the plane defining the center of the layer.
(f-BuNC)AuBr, 2b, is isostructural to the known chloride analogue (r-BuNC)AuCl [49] . The struc ture of the bromide complex (2b) has been de termined nevertheless because it allows for the first time the determination of an Au-Br bond dis tance in an (isonitrile)gold(I) complex. It was found [2.370(1) Ä] to be comparable to the data for (phosphine)gold(I) complexes (average 2.40 A) [60] [61] [62] [63] . The C-Au-Br angle is virtually linear at 177.2(3)° (Fig. 2a) . In the lattice the packing of the molecules is similar to that found in la and in the chloride analogue [49] . The monomeric units form zig-zag chains with a sequence of anti-parallel arrange ments. There are only very weak Au-Au interac tions as suggested by long [Au-Au = 3.689(1) A] distances (Fig. 2b) . The (phenylisonitrile)gold(I) halides 3a-c are not isomorphous (Table I and II). In the chloride 3a (Fig. 3a) , all molecular units are crystallographically equivalent, with a C-Au-Cl angle of 178.5(3)° and a Au-Cl distance of 2.254(2) A. The molecules are aggregated to form a zig-zaging chain with a se quence of the monomers in an antiparallel arrange ment. The planes of the phenyl groups are parallel by symmetry on both sides of the chain. (Fig. 3b) . The intra-chain gold-gold contacts [3.463(1) A] are shorter by 0.174 A as compared with la , but still rather long.
The bromide 3b crystallizes with two crystallographically independent molecules in the asymmet ric unit. In the lattice there are puckered chains with an antiparallel arrangement of the neighbour ing molecules (Fig. 4) . is thus larger than in the chloride homologue 3a (above). However, unlike in 3a, every second phenyl group on each side of the chain in 3b is rotated by about 90°, bringing neighbouring phenyl groups in an approximately perpendicular arrangement. The two Au-Br distances have an average of 2.357 A, very similar to the value found for 2b.
The (phenylisonitrile)gold(I) iodide 3c (Fig. 5 ) is isostructural to the bromide complex, 3b. with the same sequential pattern in the chain struc ture. Interestingly, the intra-chain A u-A u contacts The mesitylisonitrile ligand in the chloride com plex 4a is much larger than the phenylisonitrile lig and in 3a-c and was expected to exert steric ef fects. And indeed a new structure type is realized which comprises only dimers as shown in Fig. 6 . The A u-A u distance [3.336( 1) A] within the dimers is shorter than that observed in the chains of any of the homologues (above). This phenomenon can also be observed in (phosphine)gold(I) complexes, where the A u-A u distances in dimers are generally shorter than in more extended oligomers. It should be noted that 4a shows a relatively long Au-C bond [1.98(1) A] as compared to other (isonitrile)gold(I) halides, probably also owing to steric effects.
The isonitrile derived from glycine methylester, M e0C (0)CH 2N C, was chosen as a ligand with a polar side group of limited steric influence. The usual synthetic pathways were followed to prepare the gold(I) complexes 5a-d of this ligand.
The three halide complexes 5a-c show two new structural motifs. The first one is represented by the chloride and bromide 5a, b which form a novel isomorphous sheet structure, while the iodide 5c appears in dimeric aggregates with a crossed orien tation of the monomers. The individual molecules of 5a-c are very similar in their configuration, char acterized by a quasi-linear five atom sequence XAu-C-N-CFb, as well as in the conformation of the ester group, i. e. the syn orientation of the carbonyl oxygen atom and the nitrogen atom, and the syn ori entation of the carbonyl oxygen atom and the ester methyl group (Fig. 7a, 9 and 10 ).
In the crystal of the chloride and bromide com plexes, the monomers are surrounded by three other monomers and become members of corrugated sheets (Fig. 7b) . These sheets contain a puckered layer of gold atoms in which each of the crystallographically equivalent metal atoms has contacts to three other metal atoms (Fig. 8) . This connectiv ity leads to a quasi-hexagonal array of gold atoms, with each six-membered ring in a flat, distorted chair conformation. This structural motiv is reminiscent of the structure of black phosphorus. In another de scription each monomer is part of a zig-zag chain of molecules with their main axes "crossed like swords" in heraldic emblems. These chains, running vertical in Fig. 8 and perpendicular to the paper in Fig. 7b , are associated into sheets through a parallel head-to-tail approach of molecules of neighbouring chains. With the new contacts the gold atoms be come part of new meandering chains running per pendicular to the primary chain as indicated in Fig.  8 . There are two independent A u-A u distances of 3.430(1) and 3.553(1) A in the primary and sec ondary chains of the chloro complex 5a, respec tively. The data for the bromide (5b) are similar: 3.441(1) and 3.622(1) A.
The dimers present in the lattice of [M eOQOjCFLN ClAuI, 5c, have the shortest intermolecular A u-A u distance [3.191(1) A] observed in (isonitrile)gold(I) complexes. The Au-I bond dis tance of 2.538(1) A is comparable to that found in 3c. The monomers are in the "crossed" type of aggregation with the dihedral angle I-Au-Au-I ap proaching 90° (Fig. 10) . 
Discussion
None of the (RNC)AuX complexes reported in this work is monomeric in the solid state. This behaviour is reminiscent of the molecularity of (phosphine)gold halide complexes with small phosphines. As also observed for these analogues, only two of the three possible types of aggregation A-C (Fig. 11) are realized. The parallel head-to-tail (A ) and the crossed fashion (B) are the recurrent struc tural motifs, either seperately [A: la, 2b, 3a-c and 4a; B 5c], or in a combination of both [5a and 5b]. . (MeNC)AuCN is the only example where, in a com bination with mode A, mode C is also realized [48] . If the molecules are aggregated only into dimers (4a and 5c), the A u-A u distances are the shortest, and the B-type iodide complex is associated most tightly as compared to the A-type chloride complex.
In the series of coordination polymers, the crossed contacts are also shorter than the parallel contacts, and it thus appears that this may be taken as a general feature. It is obvious from the mod els (A-C) that steric effects are a minimum for B, suggesting that the ligand repulsion is the decisive factor determining the association of the complexes.
The influence of the nature of the anion X is found to be smaller, and the variations for the same structure type are such that the larger halide leads to nearly equal (e.g. 2a -> 2b and 3b -► 3c) or to larger Au-Au contacts (5a -» 5b). This result is not in agreement with the predictions for isolated dimers from recent theoretical studies [65] . It is conceiv able, however, that the consequences of electronic effects are overruled by steric effects arising from the incorporation of the dimers into polymers, and by packing forces.
Experimental Part
General: Conventional glass equipment was used throughout. Solvents (p.a. grade) were used as received and all experiments were carried out in air. f-BuNC was purchased. MeNC [66] , PhNC [67] . MesNC [68] , M e0C (0)C H 2NC [69] , (Me2S)AuCl [70] , (MeNC)AuCl la [71, 72] , (f-BuNC)AuCl 2a [49] and (PhNC)AuCl 3a [73, 74] were prepared according to literature methods.
Preparation o f the (isonitrile)gold(I) chloride complexes
To a solution of (Me2S)AuCl in dichloromethane an equimolar amount (or an excess) of the corresponding isonitrile ligand is added. After 1 h the solvent is removed in a vacuum and the colourless residue is crystallized from a dichloromethane/pentane mixture. 
